Problem: Deep infection after joint arthroplasty can be catastrophic, leading to further surgery, loss of the prosthesis, disability, and risk of mortality. Twenty nine new cases of methicillin resistant Staphylococcus aureus occurred in the first year after elective orthopaedic surgery was centralised to a district general hospital in Essex. Design: Prospective trial to establish whether ring fencing of elective orthopaedic beds and introduction of simple infection control measures has an effect on the rates of postoperative infections and number of patients treated. Participants and setting: All patients undergoing primary hip or knee replacement in a district general hospital in Essex, England, between July 1999 and July 2001. Main measures for improvement: Number of patients having joint replacement; number of all postoperative infections in the participant group; number of cases of methicillin resistant Staphylococcus aureus. Strategies for change: Ring fencing of the elective orthopaedic ward and introduction of simple infection control measures. Effects of change: The incidence of all postoperative infections decreased from 43/417 to 15/488 (P , 0.0001), with no new cases of methicillin resistant Staphylococcus aureus. Lessons learnt: The introduction of a ring fenced elective orthopaedic ward and simple infection control measures allowed 17% more patients to be treated and significantly reduced the incidence of all postoperative infections. M ethicillin resistant Staphylococcus aureus (MRSA) is an organism that possesses the mecA gene and the penicillin binding protein PBP2a and is resistant to methicillin and oxacillin. Deep infection after joint arthroplasty can be catastrophic, leading to further surgery, loss of the prosthesis, disability, and risk of mortality. 1 MRSA is a particularly difficult organism to treat because of the need to use antibiotics that are expensive, potentially toxic, or both. Other postoperative hospital acquired infections may also result in increased morbidity and mortality and prolonged hospital stay.
OUTLINE OF PROBLEM
Until April 1998 a dedicated stand alone orthopaedic hospital did all elective orthopaedic surgery in the Mid Essex region. After centralisation of such surgery to the main district general hospital, the number of healthcare associated infections in this group of patients increased (fig 1) . In the year after the move to the general hospital 29 new cases of MRSA were identified on the wards where elective orthopaedic patients were nursed-22 colonisations and seven infections (four surgical site wound infections, one urinary tract infection, one lower respiratory tract infection, and one case of septicaemia in a patient who had had elective total knee arthroplasty, resulting in death).
STRATEGIES FOR CHANGE
For one year (July 1999 to July 2000) we recorded the rate of postoperative infections of all types (for example, chest infections, urinary tract infections, surgical site wound infections) in patients undergoing hip or knee joint arthroplasty. Patients were treated using the standard precautions against infection used in most orthopaedic units in the United Kingdom-that is, short admission time before surgery, ultra clean air theatres, standard theatre hygiene and precautions, and prophylactic intravenous antibiotics.
In July 2000 we ''ring fenced'' the 28 beds in the elective orthopaedic ward. Only patients having elective orthopaedic surgery (including joint replacement) were admitted to the ward. Orthopaedic liaison nurses swabbed all patients (nose, perineum, and any skin lesions) in the community for MRSA and methicillin sensitive Staphylococcus aureus. Patients testing positive for either organism were started on a staphylococcus decontamination regimen in the community. Because of concerns about gastrointestinal carriage of MRSA, we took the approach of ''once positive, always positive.'' We did not allow any patient who had ever had MRSA to be admitted to the ring fenced ward. We isolated these patients on another orthopaedic ward and gave them teicoplanin prophylaxis perioperatively in addition to our standard regimen.
We excluded trauma patients, day surgery patients, and patients from other specialties from the ring fenced ward. We rigorously enforced the British Orthopaedic Association recommendations on sterile procedures in operating theatres. 2 Trauma patients who were deemed low risk for MRSA (young, first admission to hospital, not been in a nursing home or other healthcare institution) were swabbed on admission to the ''non-ring fenced'' ward. If they had negative swabs, we allowed them into a single bedded side room on the ring fenced ward if a shortage of beds existed in the rest of the hospital and spaces were available on the ring fenced ward.
In addition to standard precautions, we instituted a code of dress and behaviour (box 1). Nursing staff started a regimen of wearing a disposable apron and gloves for each interaction with a patient. We installed an alcohol hand rub by each bed and instructed staff to use it before and after each consultation. Medical staff left jackets at the door to the ward and donned clean white coats for the purpose of ward rounds. The coats were left on the ward after rounds and laundered daily. Visitors were not allowed to sit on the beds.
We gave the nursing sister in charge responsibility for ensuring implementation of the infection control standards among the nurses, cleaning staff, and doctors visiting the ward. The adherence to the standards by senior nursing and medical staff led to a general change in culture within the unit and adherence by all staff.
We minimised the use of bank and agency staff and expected all such personnel to comply with the same standards as regular staff. We informed nursing agencies of the ward policy, so that any agency nurses were aware of what was expected before the start of their shift.
We took microbiology samples (urine, sputum blood cultures, or wound swabs) from any patient deemed on clinical grounds to have a postoperative infection. All clinical infections recorded were supported by positive microbiology results.
EFFECT OF CHANGE
In the year before ring fencing, we did 417 lower limb arthroplasties. In the year after ring fencing, owing to more predictable bed management and fewer complications, we did 488 lower limb arthroplasties. The number of patients undergoing arthroplasty thus increased by 17% without any increase in theatre capacity or number of beds.
The total number of all infections (including urinary tract, chest, or superficial or deep surgical site wound infections) in postoperative patients decreased from 43/417 (nine of which were MRSA) before ring fencing to 15/488 after the introduction of ring fencing (P , 0.0001). No cases of MRSA occurred in arthroplasty patients after ring fencing (table 1) .
Preoperatively, 8/488 patients swabbed positive for MRSA skin colonisation in the community and were admitted to a non-ring fenced ward where they were isolated and received teicoplanin prophylaxis. No postoperative infections of any kind occurred in this group during the study period.
Ring fencing of elective orthopaedic beds and simple infection control measures significantly reduced the incidence of postoperative infections in patients undergoing joint arthroplasty, and MRSA was eradicated. As a consequence of fewer complications and more predictable bed occupancy, as well as not having beds blocked for long periods by trauma patients and non-orthopaedic patients, we were able to do 17% more joint arthroplasties without increasing the number of operating lists, beds, or surgeons.
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No of infections -Visitors' chairs and foot stools once a day -Bed frames three times a week -Nurses' stations once a day -General hospital cleaning schedule strictly enforced (kitchen, doors, sinks, toilets, bathrooms) -Bed linen changed at least once a day implementation of new policy, as described by Ching and Seto. 3 We acknowledge that the reduction in infection rate was achieved by several factors: ring fencing, simple infection control measures, and reducing the number of agency staff to a minimum. However, the model as a whole shows important and significant results.
This work showed an increase in healthcare associated infection, including MRSA, in an elective orthopaedic ward containing patients from other specialties, including trauma. The importance of the theatre environment on joint arthroplasty has been understood for many years; we have shown that the ward environment is also highly important in the rate of infection in patients having joint arthroplasty.
Plowman et al suggested that hospital acquired infection increases patients' length of stay (up to 11 days per case) and the cost of treatment (£2917 per case). 4 Although infection in joint replacement surgery may be caused by direct contamination at the time of surgery, the total infection rates can be further reduced with an appropriate ward environment. We strongly recommend the ring fencing of elective orthopaedic patients and simple infection control measures to reduce the risk of postoperative infection and allow an increase in the number of patients treated.
